1. Introduction {#sec1}
===============

Menopause is the cessation of menstruation for at least 12 months.[@bib1] The mean age of menopause among white women is 50--52 years.[@bib2] The mean age of menopause among Iranian women is estimated to be 47.6 ± 4.45 years.[@bib3] Postmenopausal women are at risk of cardiovascular disease because of a lack of estrogen.[@bib4] There is also an increase in lipid profile among postmenopausal women. A study on 2,659 women between 42 and 52 years of age who were followed for 7 years, showed that lipid profile, including total cholesterol, low density lipoprotein (LDL), and triglyceride, increase most in the peri- and early postmenopausal women.[@bib5] Another study on 60 women between the ages of 25 and 35 years and 60 postmenopausal women (aged 45--55 years) showed that lipid profile, including total cholesterol, triglyceride, and LDL, were significantly higher in postmenopausal women without any relation to body mass index.[@bib6] The results of a case control study on 118 women (59 premenopausal and 59 postmenopausal women) showed that postmenopausal women had a significantly higher level of total cholesterol and LDL and reduction of high density lipoprotein (HDL).[@bib7]

Studies showed that using oral estrogen could reduce the level of LDL and could also increase the level of HDL in postmenopausal women with normal or elevated lipid levels.[@bib8], [@bib9] Hormone replacement therapy is not a first line therapy for postmenopausal women; instead, according to the US National Cholesterol Education Program adult treatment Panel III guideline, diet and lifestyle changes are the first line treatment for high lipid profile in postmenopausal women.[@bib10]

Some studies demonstrated the beneficial effects of plants in reducing blood lipids in postmenopausal women. A meta-analysis of 38 randomized controlled trials showed the lipid lowering effect of soy.[@bib11]

Green tea is made from Camellia Siensis leaves that have not undergone the oxidation process to be changed to black tea.[@bib12] Studies have shown some beneficial effects of green tea on blood pressure and lipid profile. Ahmad et al. conducted a study on three groups of rats (two intervention groups and one control group) to determine the effects of catechins and epigallocatechin gallate (EGCG) on lipid profiles. Results showed that the level of cholesterol and LDL was significantly reduced in the rats administered green tea extract.[@bib13] Another study assessed the effect of green tea catechin extract (GTE) on lipid profile in 886 postmenopausal women. Women in the GTE group consumed 1200 of GTE and women in the control group received a placebo. Results showed that, after 12 months follow-up, the amount of total cholesterol, LDL, and non-HDL cholesterol were significantly reduced in the GTE group compared with the control group.[@bib14]

Iranian postmenopausal women are concerned about the side effects of hormone replacement therapy, and are interested in using herbal medicines. Further, we do not have enough information on the effect of green tea on lipid profiles of postmenopausal women in Iran. Therefore, this study was designed to evaluate the effect of green tea extract on lipid profile in postmenopausal women.

2. Material and method {#sec2}
======================

In this randomized controlled trial, 100 women were randomly recruited. The protocol of this study was approved by the Ethics Committee of Ahvaz Jundishapur University of Medical Sciences (Ref No: 1392; 216 ajumsREC). The protocol was also registered in the Iranian registry for randomized controlled trials (Ref No: IRCT 2014021816625N1). This study started in October 2013 and was completed in March 2014. The inclusion criteria were as follows: women in whom at least one year had passed from their last menstruation, and with abnormality in at least one serum lipid profile, aged 45--60 years. The exclusion criteria were as follows: any medical disorders, such as thyroid dysfunction, diabetes, hypertension, renal disease and cancer, a history of gall bladder or liver disorders, stroke, abnormal menopause, or regular consumption of green tea.

2.1. Participants {#sec2.1}
-----------------

We used following formula for sample size, when S~1~ = 1, S~2~ = 0.9, X1 = 3.7, X2 = 3.1, Z~1~− α∕~2~ = 1.96, Z1− β = 0.84. The power of study set at 90%. We added 25% to this number in each group for withdrawal and the final number of participants was calculated as 50 in each group.$$n = \frac{\left( {{\text{Z}1 - \text{α}}/{2 + \text{Z}1 - \text{β}}} \right)2\ \left( {\text{S}1 + \text{S}22} \right)}{\left( {\text{X}1 - \text{X}2} \right)2}\  = 40$$

2.2. Randomization {#sec2.2}
------------------

All supplements (green tea or placebo) were packed and labeled by a research assistant that was blind to the aim of this study. Eligible women were assigned to one of the groups using random table generated by Excel program by ratio of 1:1.

2.3. Measures {#sec2.3}
-------------

A socio-demographic questionnaire and a checklist were used to collect data. Postmenopausal women who attended the number 1 eastern health clinic in Ahvaz, Iran, were screened regarding inclusion criteria. Five mL venous blood was drawn from all eligible women. Blood samples were centrifuged to separate plasma in 1 h and frozen at the appropriate temperature until being assessed in one reference laboratory. Women with at least one borderline lipid profile were recruited for this study.[@bib15] The blood cholesterol, triglyceride, LDL, HDL, and blood sugar of all eligible women were measured in one reference laboratory. According to the results of the laboratory tests, of 194 eligible women, 83 women had normal lipid and glucose levels. Eight women were excluded from the study because of high blood lipid levels, and three women because of high blood sugar levels. All laboratory tests were repeated after the 4-week intervention. Blood lipids were measured using Auto-analyzer BT-3000 (Italian made). These measures were done using calorimetric by Pars Azmoon kit (Iranian Made). Weight and height of participants measured using SECA scale and stadiometer. Body mass index calculated using the formula (kg/m[@bib2]).

2.4. Preparation of green tea and placebo capsules {#sec2.4}
--------------------------------------------------

Capsules containing green tea extract or placebo were prepared by the Medical Plant and Natural Products Research Center at the Ahvaz Jundishapur University of Medical Sciences. Each green tea capsule contained 400 mg green tea extract (including 40--47 mg polyphenol). Iranian green tea leaves were used to provide green tea extract. Green tea leaves were dried in the factory by dry heat without any oxidation. Green tea extract was drawn by maceration, after green tea leaves had been soaked for 48 h in a suitable solvent. Then, the material was filtered using Büchner Vacuum Filtration Funnels and concentrated by rotary. Green tea extract were packed in capsules after appropriate formulation. Placebo capsules contained starch and had a similar appearance to green tea capsules.

2.5. Intervention {#sec2.5}
-----------------

Women with one lipid profile abnormality were recruited for this study. Green tea (Gt) capsules (400 mg) and placebo were packed by a researcher blind to the aim of this study and was assigned the code "A" or "B." One of the researchers (SM) was responsible for the distribution of green tea or placebo. Participants were asked to take their green tea capsules or placebo two times daily after breakfast and dinner for 4 weeks. Every participant received a phone call weekly regarding correct consumption of green tea or placebo.

2.6. Outcome measures {#sec2.6}
---------------------

Lipid profile, including blood total cholesterol, LDL, triglyceride, HDL, and fasting blood sugar was measured at baseline and 4 weeks post-intervention.

2.7. Statistics {#sec2.7}
---------------

All data were entered into SPPS version 19. Continuous data were screened for normality. An independent *t*-test was used to detect differences between the two groups for continuous data (age, age of menopause, BMI, systolic and diastolic blood pressure) and a chi-square test was used for categorical data (education, job and economic situation). A paired *t*-test was used to measure differences before and after intervention. The Univariate Analysis of Variance was used to compare lipid profile before and after intervention in two groups. *p* \< 0.05 was considered significant.

3. Results {#sec3}
==========

At the end of study, 11 women in the green tea group and ten in the control group withdrew from the study. The reasons for drop-out are listed in [Fig. 1](#fig1){ref-type="fig"}. The mean age of women in the green tea group was 53.7 ± 4.1 and in the control group, 52.9 ± 3.6 years (*p* \> 0.05). The two groups did not show any significant differences in menopause age, education, job, and economic situation (*p* \> 0.05) ([Table 1](#tbl1){ref-type="table"}).Fig. 1Flow-diagram of recruitment and retention of participants in the study.Fig. 1Table 1Basic characteristics of women in the green tea and placebo groups.Table 1VariablesGreen tea\
n = 39Placebo\
n = 40P valueMean ± SD or N(%)Age (y)53.7 ± 4.152.9 ± 3.60.35Menopause age (y)50.9 ± 3.350.1 ± 2.50.24Body mass index (kg/m^2^)29.6 ± 4.330.1 ± 3.90.54Systolic blood pressure (mmHg)116.9 ± 12.4119 ± 12.80.94Diastolic Blood pressure (mmHg)78.5 ± 10.478.2 ± 0.70.4**Education**Illiterate13(33.3)8(20)0.2Primary and high school25(64.1)31(77.5)Diploma1(2.56)1(2.5)**Job**House maker38(97.4)38(95)0.5Employee1(2.56)2(5)**Economic situation**Good9(97.4)5(12.5)0.2Moderate16(41.03)17(42.5)Weak14(35.9)18(45)

As evident in [Table 2](#tbl2){ref-type="table"}, the mean total cholesterol of women in the green tea group was significantly decreased after 4 weeks of intervention (from 240.5 ± 26.4 mg/dL to 222.4 ± 21.9 mg/dL, *p* \< 0.001). However, this reduction was negligible in the control group (from 235.1 ± 29.3 mg/dL to 230.1 ± 32.1 mg/dL, p = 0.32). Differences between the groups was significant (p = 0.04).Table 2The levels of lipid profiles in the green tea and placebo groups before and after intervention.Table 2VariablesGreen tea\
n = 39Placebo\
n = 40P value between groupsBefore interventionAfter interventionMean differenceBefore interventionAfter interventionMean differenceMean ± SDMean ± SDTotal cholesterol (mg/dL)240.5 ± 26.4222.4 ± 21.9−18.1[a](#tbl2fna){ref-type="table-fn"}235.1 ± 29.3230.1 ± 32.1-50.04Triglyceride (mg/dL)147.4 ± 58.4112.3 ± 40.6−35.1[a](#tbl2fna){ref-type="table-fn"}152.1 ± 55.7139 ± 54−13.10.002Low density lipoprotein (mg/dL)154.1 ± 23.5142.4 ± 19.3−11.7[a](#tbl2fna){ref-type="table-fn"}146 ± 28.5146.3 ± 28.6+0.30.04High density lipoprotein (mg/dL)55.5 ± 8.556.5 ± 9.1+155.2 ± 9.155.8 ± 8.2+0.60.7Fasting blood sugar (mg/dL)91.1 ± 13.592.6 ± 13.7+1.593.1 ± 16.692.2 ± 15-0.90.91[^1]

The LDL also decreased in the green tea group in compare to the placebo (Mean difference of −11.7 in the green tea group vs. +0.3 in the placebo group, p = 0.04). The triglyceride decreased significantly in the green tea group compared to the control group, (Mean difference of −35.1 in the green tea group compared to mean difference of −13.1in the placebo group, p = 0.002.).

The level of HDL and fasting blood sugar did not change within group and between groups ([Table 2](#tbl2){ref-type="table"}). The side effects of green tea were headache (n = 1) and stomachache (n = 1). The side effects of placebo were nausea (n = 1), stomachache (n = 1), dizziness (n = 1), and palpitation (n = 1). There was not any significant difference between two groups regarding side effects ([Fig. 1](#fig1){ref-type="fig"}).

4. Discussion {#sec4}
=============

This study aimed to evaluate the impact of green tea extract on the lipid profile of postmenopausal women. The randomization in this study could result in equal baseline characteristics such as age, age of menopause, body mass index, blood pressure, job, education and economic situation. The results of this study showed that green tea could decrease the level of LDL, total cholesterol, and triglyceride significantly after intervention. The possible mechanism for lipid lowering of green tea may due to the fact that green tea or catechins may inhibit the diet lipid absorption.[@bib16]

Walkowiak et al\'s study indicated that absorption of lipid could significantly decrease with single dose of green tea extract.[@bib17] Suliburska et al, conducted a study in which 379 mg of green tea extract or placebo were used for two groups of obese women. Results showed that beside of lipid lowering effect, the level of antioxidant also increased significantly.[@bib18]

In a study by Wu et al., 103 postmenopausal women were randomized into three groups of placebo, 400 mg epigallocatechin gallate (EGCG), and 800 mg EGCG two times per day for two month. Results showed that the level of LDL reduced significantly in both 400 mg and 800 mg of EGCG but not in the placebo group.[@bib19] These results, in terms of the reduction of LDL, are consistent with our results.

The efficacy of green tea on blood pressure and blood lipid profile was examined in the systematic review of 20 RCTs, which recruited 1536 participants. The results showed that green tea could significantly reduce total cholesterol (MD: −0.13 mmol/l; 95% CI: −0.2 to −0.07; I(2) = 8%; *p* \< 0.0001) and LDL cholesterol (MD: −0.19 mmol/l; 95% CI: −0.3 to −0.09; I(2) = 70%; p = 0.0004).[@bib20] These results are similar to results of the present study as total cholesterol and LDL were decreased in the green tea group compared to the placebo group.

April recruited 886 postmenopausal women and classified them into three groups: 1200 mg of GTE, 800 mg GTE, or placebo (daily). Participants were followed up for 12 months. The level of total cholesterol (−4.6 mg/dL, p \< 0.0001), LDL-C (−5.0 mg/dL, p \< 0.0001), and non HDL cholesterol were significantly reduced in both groups of 800 and 1200 mg of GTE. However, the level of HDL-C decreased slightly in the GTE groups.[@bib14] Using 800 mg green tea for 4 weeks could reduce the level of total cholesterol, LDL, and triglyceride; however, the level of HDL did not change in our study. The Framingham study, in which 2748 people were followed for 12 years, showed that reduction in the level of HDL-C is a major and independent risk factor for cardiovascular disease and that, even in people who used lipid lowering medication, the low level of HDL-C remained a risk factor for cardiovascular disease.[@bib21]

Wu et al. conducted a study on 103 postmenopausal women assigned to three groups: 400 mg epigallocatechin gallate (EGCG), 800 mg EGCG, or two capsules of placebo per day for 8 weeks. The results showed that LDL decreased significantly in both groups of green tea, glucose (p = 0.008) and insulin level (p = 0.01) also decreased in both green tea groups non-significantly but increased in the placebo group.[@bib19] Our results in terms of reduction of LDL are consistent with Wu et al. In our study, green tea did not change HDL and fasting blood sugar. Other studies also confirmed these results.[@bib18], [@bib19]

4.1. Strengths and limitations of study {#sec4.1}
---------------------------------------

This study evaluates the impact of green tea on blood lipid profile in Iranian postmenopausal women for the first time in Iran. There is no screening program for postmenopausal women in the public health clinic in Iran; hence, some women are unaware of their abnormal lipid profile and blood sugar. Most studies for assessing lipid lowering effect of green tea extract conducted in a longer duration. However, in the present study we used 800 mg of green tea extract with a shorter time and lipid profile could reduce significantly. One of the important results of this study was the significant reduction in triglyceride observed, which has not been extensively assessed in other studies. One of the limitations of this study is; we did not measure the dietary patterns and physical activity of participants. Although we did not use standard questionnaire for measuring physical activity, but we asked participants if they had regular physical activity and none of them had this activity.

5. Conclusion {#sec5}
=============

Green tea extract is cost-effective herb to decrease lipid profile in postmenopausal women without major side effects. Using this herb is recommended in women who have slight lipid profile abnormalities.
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[^1]: Significant difference within group (p \< 0.001).
